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| Structure, function and dynamics of biological SNS
macromolecules operate across a wide range of time

and length scales that are well matched to the :
fundamental characteristics of neutron scattering. fo \ cols fo =

5 S

Biology and Biotechnology

Why do we use

neutrons? The role of neutrens

What can you do with

neutrons? Structure function and dynamics of biological macromolecules operate across 3 wide
Heulron science range of time and length scales that are weall matched to the fundamental charactanstics
Solid State Physics of neutron scattering [The need to understand these systems atthe atomic, molecular and
Chemical Structure, cellular level now demands an Integraled suite of cutting-edae instrurments that will enable
Kinetics and Dynamics new opportunities to be exploited across the life sciences.
Materials Science and
Engineering Current source limitations have réstricted studies 1o simple andfor model syslems ||r: trie
Liquid and Glasses future the need for mare detailed information will be enfarced as the studies will proceed
Fundamental Neulron from the investination of single biomolecules to complex biomolecular machines (large
Physics chaperones, multi-subunit protease complexes, and eventually to proteins in vivo) where
Soft Matter interactions in protein-lipid,  protein-RNADNA  alvco-lipid complexes will have 1o be

¢ Biology and undersiood
Biotechnology
Earth Sciences, ;:&
Environment and

cmneneae] L. In the future ...need ... from the investigation of single
cmereseienedt hjomolecules to complex biomolecular machines ... where

ewrons oc e f Nteractions in protein-lipid, protein-RNA/DNA, glyco-lipid
complexes will have to be understood.

http:/neutron.neutron-eu.net/n_about/n_what_can_you_do_with_neutrons/Biology
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Neutrons show

where atoms are

When the neutrons
collide with atoms in the

sarmple rl'li.ltarll.ul they \r;
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Crystal that sorts and

Detectors record the directions
of the neutrons and a diffracti on
pattern is obtained.

The pattern shows the
positions of the at oms relative
to one another.

forwards néutrons of
a certain wavelength
{energy) = mono-
chromatized neutrons

SPALLATION NEUTR%)URCE
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Neutrons show

what atoms do

3-axis spectrometer with
rotatable erystals and \’-l
D

rot atable sample

Changes inthe

energy of the

neutrons are first

analysed in an

crystalline Hmph :"'\ g K analyser erystal...
-
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When the nmrunl .I
penet rate the sample
| they start or cancel

' escillations in the

Crystal that sorts and "
forwards newutrons of et ans

a certain wavelength
(enargy) - mono-
chromatized neutrons
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Atomsin a

Q & ..cﬁ.._._c.

create phonons or
magnons they
themselves lose the wand the neutrons

energy these absorb then counted ina
- inslagtic scattaring detactar.

http://nobelprize.org/physics/laureates/1994/illpres/neutrons.html
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Length Scales In Biology SNS

SPALLATION NEUTRON SOURCE

>
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< >
Small Angle Neutron Scattering
< >
P Reflectometry >
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Neutron Advantages SNS

SPALLATION NEUTRON SOURCE

Neutrons interact with nuclei. Isotope

dependent. 25 .
e Isotopes
.. . 20 A
Sensitive to lighter elements (compare * Natural aboundance
- = 15 -
to X-ray). % ot R .
O 104 ¢ o ofe R a4 ‘
Wavelength comparable with inter- 2 _r \;k .:-. {% - A .(,!.- ‘%
atomic spacing. 2 o o e e .
A 0 A :.o o * °
c ° [ J [ J
. . 9 [ ) [
Non-destructive, penetrating. E s I g .
zZ °
. -10 T T T T
Neutron has magnetic moment. 0 20 40 60 80 100

Atomic Number

Kinetic Energy comparable to
excitations in condensed matter.
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The Basics SNS

SRALL ATION ML TN o

K Scattering Amplitude:
Incident Neutron M A(Q) _ J‘p(r)e—iQ.rd 3p

ko=2712

Scattering Intensity:
Momentum Transfer : g y

Q = |k-ko|=47sino/ 2 1(Q) =|AQ)
Small Angle Neutron Scattering Reflectometry
(SANS) |
. ko | k
Source > Ee ! fe
vz

/\<"\
OAK RIDGE NATIONAL LABORATORY UT-BATTELLE




Small Angle Neutron Scattering (SANS)

/NS

sample
; S o
neutron 0 <
é @ _]_2_9__
- ’ \\
X-ray . -

Scattering

Particles in
Sample

P(r)-r

D max

SPALLATION NEUTI SOURCE

detector

—
10)-0

>

I(Q) = p(r,) p(r,) sin(Qr,,)/(Qr,,)dr

1(Q) = 4x | p(r) sin(Qr)/(Qr) dr
p(r) = (1/2n%) [ 1(Q) sin(Qr) -(Qr) dQ
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SANS Profile From Apo ferritin SNS

74A

SPALLATION NEUTRON SOURCE
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Example of SANS Information Contents SNS

SPALLATION NEUTRON SOURCE

« SANS is a low resolution probe
that is ideal for studying large,
complex molecular assemblies.
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Reflectometry probes structures on, or near surfaces SNS

SPALLATION NEUTRON SOURCE

Medium 0O

Fresnel Reflection: 2 ro4r e 2kt
RQ=[r@Q) with Q)=
2 : K, — K, 14108
RQ)=[r@Q)| With r@Q=—"—+
K, +K,
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Near Surface Diffuse Scattering SNS

SPALLATION NEUTRON SOURCE

/

)
ein r
« Specular: 0= 0,
« Off-Specular: 0 <> 6,

» Grazing Incidence SANS (GISANS),
Near-Surface SANS
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Hydrogen/Deuterium Substitution, Contrast Matching SNS

SPALLATION NEUTRON SOURCE

.
molecule @ equillibrium with solvent
Hydrogen by, = -3.74 [fm] 6
i ' ' W ater
Deuterium: by, = 6.67 [fm] l Matching Point
e D = 2 B S
RNA e = -

Scattering Density [16O cm'z]
w

Solvent Deuteration

Components can be made ‘invisible’ to neutrons by selective deuteration.
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Contrast Matching /SNS

SPALLATION NEUTR.%OURCE
4

H20/D20 reflectivity
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SNS.GOV

L 2ON SOURCE

..Jusers/instrument_systems/index.shtml

*SHS ‘ Spd”ﬂtiﬂﬂ Neutron Source A T e Search Prtners Comments
struments | AT01 | companents Jwoverators o

The Spallation Neutron Source (SNS)
18 @f Accelgralodhased netnon
sowce being buslt ;m Oak Rdge,
Temnessae, by the LS, Depattment of
Enasrgy. This SNS wall prdvidi $hie moest
intense pulsed neuiron beams in the
world fos scientific reseanch and
industnal dovelopment. A1 a tatal cost
of §1.4 billion, construction bagan in
1999 and wall be completed in 2006

Blission:

Medron research s & uhigue and powerful Pool
for sludying the structure and dynamics af
materials a1 the abomic, maolecular, and
macromolecular levels. Six LS Departmand of
Energy {DOE]) laboratones (Argonne,
Brookhaven, Lawrence Barkebsy, Los Alarmas,
Ok Redne, and Jeflarson Lak) are patnens in
the design and construction of the Soallation
Magdron Source i_"'{hﬁ:ll a ong-al-akind facildy in

Isers Masing [l Chak Ridge, Tennessee, that will provide the
FER g . mioel intamse pulsed nedlion baams in ihe world Proposad EHE 580 at Oak Ridge
Now you can join he SHS Users for scientdle resesrch and industrial Click enage for a larges versson

I'-'I;-'mg. Lisd by 1’|I!..'1|; it the form
located &t :|||'l|l! -'Il'l'rl!'.l.lll'lr.l]{l\'-'
sns_asers’ AddUsers.cim

dewedoprnent. Construction of the $1.4 billion

facidy bogan in 1993 and 15 scheduled for completion in 2006, In padnérghip with Oak Radge,
Aagornid has resumed resporsibdity for the design and construction of {he néutran scaltenng
instruments and mstallation The Insfrumeani Sfi:grr & group will also develop the mfrastructure for
extemally fismded groups to design @nd consiruct addiional instruments; expand the newiron
satlenn user communily, and prapare plans for operation of the SNS metrumen sude

You can choose Lo recens
infarmation from the Spallation
Meulron Souwce (SNS), the SNS
HEIR s Grodip (SHUG), and obler
negror-soatienng Qroups

Instrumants Under Development:

& [hnordénsd Matonals Diffract dmiilir

+ Backscatienng Speciromeisr

High Pressure Diffractornetes (SMAF)
Magnedisn (vedicsl surlace)
Refleciametar

Liguids (hanze
Raflaciamal
w

SH5—HFIR Usars Meoling
October 1113, 2005
Oak Hidge, Tennesee, USA

*

BioMan: Blomaterials and
Heutrong
Dctober 30-Novembaer 4, 2005
Bostan, Massachuseits, SA

LY o
Erxtended C-Range Small Angle Newron
Difeactameter (EO-SANS)
Engunaéting Diffraclomiter DLILCAN)

tomeler FOWGENS)
Crystal Difraciometer (TOPAT)

-

Pirtsburgh Diffraction Conference

& % ® FEFR

Nowvember 3.5, 2005 g N T — - . Fundamenial Physics Beamling
Arganne National Labaratary . R - 'kTu:ﬁga:IeEr::-h:?aa;:-ﬁ;?s.mn Hybnd Specirmeter HYSPEC]
Arqanne, llinoks, USA This manipulator arm will be used in - e Meutron Spin Echo (NSE]
lh_“l_fﬂ facaliy to sl matenals High Resolution Chapper Specinsmeler
fiali. EEQUOIA
* Wide Angla Farmi Choppar Spectramatar
.. et
NS TOUCTION PaoTos [ARCT)
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SANS and Reflectometer at the SNS SNS

SPALLATION NEUTRON SOURCE

Extended Q-Range Small Angle Liquid Reflectometer
Neutron Scattering Instrument John Ankner, (865)576 5122, anknerjf@ornl.gov
(EQ-SANS) J.K. Zhao, (865)574 0411, zhaoj@ornl.gov \ {

Liquid Reflectometer Features:

. Optimized for air, liquid, and solid interfaces studies
. Off-Specular reflectivity and in-plane scattering
EQ-SANS Features: studies _ o
. Covers multiple length scales . 1-2 orders of magnitude faster than existing
. High intensity Instruments
. Very high wavelength-resolution Example Applications: _ _
Example Applications: . Membranes and their intermolecular interaction
. Protein/DNA, protein-membrane structures, ° Protein adsorption on surface
functions and interactions . Phase separation in polymer films
. Vesicles for drug delivery . Surfactants at interfaces
. Complex fluid, polymers, aerosols, micelles etc. ~ * Interfacial structure in drug delivery systems
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